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ABSTRACT 

For  the  purpose  of  evaluaiiing  the,  resistance  of  doped  fabrics  to  the 
thermal  radiation  of  atomic  explosions*  the  critical  thermal  energies  of 
several  doped  fabric  assemblies,  submitted  by  tbS  Wright  Air  Development 
Center,  Department  of  the  Air  Force,  W|ere  determined  by  esqposlng  the 
materials  to  the  Na^l  Material  Laboratory  earbon*are  source  of  thennal 
radiation  and  examining^ the  consequent  damage.  A plain  cloth  and  a heat* 
treated  Orion  which  wer|  variously  treated  with  aluminum  pigment  and  de- 
posit and  with  cellulose,  acetate  butyrate  and  cellulose  nitrate  coatings 
' were  evaluated. 

It  was  found  that  the  assemblies  suffered  complete  destruction  at 
radiant  exposures  ranging  from  6,1  to  t|l  cal/cm^,  except  for  the  Orion 
fabric  with  cellulose  acetate  butyrate  finish.  This  fabric,  when  esqxued 
to  213  cal/cm^,  showed  <xily; slight  carbonization  and  thinning.  Alumlnum- 
pigffjented  assemblies  are  not  more  resistant  than  the  unplgmented  doped 
fabric  assemblies. 

The  most  resistant  standard  cloth  Is  that  with  a cellulose  acetate  * 
butyrate  finish,  which  shows  initial  effects  at  10  cal/cm2  and  destruction 
at  33  cal/cm2.  The  moat  vulnerable  assembly  is  plain  cloth  with  cellu- 
lose nitrate  finish  and  aluminum  pigment.  Orion  Is  more  resistant  than 
the  standard  cloth}  cellulose  acetate  butyrate  gives  considerably  more 
protection  than  cellulose  nitrate.  The  use  of  alumiman  pigment  or  deposit 
doss  not  Increase  the  resistance  of  the  fabrics. 
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Ref}  (a)  CCMNYKNAVSHlFfD  Conf  Itr  S99/L5  Ser  960-92  of  lU  Mar  1950 

(b)  BUSHIPS  Rest,  spdltr  S99(0)(3U8)  Ser  3U8-75  of  6 Apr  1950 

(c)  WADC  Itr  WCRTT-1  of  27  Mar  1953  to  NML 

(d)  Final  Report,  NML  Project  50U6-3,  Part  31,  dated  Jun  1953, 
Critical  Thermal  Energies  of  Doped  Fabrics  Submitted  by  the 
Vi right  Air  Development  Center 

End}  (l)  Critical  Thermal  Energies  of  Doped' Fabrics 

(2)  Critical  Thermal  Ehergies  of  Destruction  of  Doped  Fabrics 

AUTHORITY 

1,  This  investigate. n is  part  of  the  program  proposed  by  reference  (a), 
and  formally  approved  by  reference  (b).  The  investigation  of  the  doped 
fabric  assemblies  was  requested  by  reference  (c).  The  general  Thermal 
Radiation  program  is  under  the  supervision  of  the  Armed  Forces  Special 
Weapons  Project. 


INTRODUCTICN 

2.  As  part  of  its  general  program  on  the  effects  of  the  thermal  radia- 
tion of  atondc  explosions,  the  R aval  Material  Laboratory  is  evaluating 
the  characteristics  under  exposure  to  intense  thermal  radiation  of  the 
various  materials  of  particular  interest  to  the  several  agencies  of  the 
Department  of  Defense.  As  data  become  available,  these  findings  are 
published. 

3.  Under  reference  (c),  the  Wright  Air  Development  Center  requested  an 
evaluation  of  doped  fabric  assemblies.  Several  doped-fabric  assemblies 
were  evaliiated  previously,  the  results  of  which  were  published  under 
reference  (d).  The  materials  under  study  in  the  present  investigation 
Include  a plain  cotton  and  a heat-treated  Orion  cloth.  Both  cloths  were 
coated  in  varying  amounts  with  aluminum  finishes  and  with  cellulose 
acetate  butyrate  and  cellulose  nitrate. 

IRUIIMENT  AND  METHODS 

U.  The  critical  thermal  energies  of  the  doped  fabrics  were  determined, 
employing  the  Naval  Material  Laboratory  carbon-arc  source  of  thermal 
radiation.  The  source  consists  of  an  ll-mm  carbon  arc,  mounted  at  the 
focus  of  a reflector  which  collimates  the  emitted  energy.  A second  mir- 
ror which  is  mounted  coaxially  at  a distance  of  twelve  feet  from  the 
collimator,  condenses  tie  radiation  to  the  mirror's  focus.  Gradations 
of  thermal  damage  are  obtained  by  varying  the  effective  exposure  time. 
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through  accelerating  a lx8-inch  specimen  transversely  through  the  focus. 
The  c^bon-arc  source  furnishes  an  irradiance  of  8^  cal/ cm2  sec  over  a 
central  area,  2 mm  in  width.  For  a better  approximation  of  the 
laboratozy  exposure  time  to  those  associated  with  the  radiation  of  a 
nominal  atomic  bomb,  absorbing  screens  were  aaployed.  Exposure  times 
of  between  0.3  and  0.6  seconds  were  employed  for  radiant  exposures  up  to 
$3  cal/cm2,  xn  addition,  in  order  to  obtain  higher  exposures,  times  up  to 
2.U  sec  were  employed.  The  fabrics  were  cut  into  lx8-inch  strips  and 
mounted  on  glass  melami’ie  blocks  provided  with  cut-outs  in  the  central 
area  to  furnish  an  air  backgroimd.  In  order  to  reduce  propagation  of 
flame  during  exposure  and  in  order  to  secure  the  specimens  to  the  ^ass- 
melamine  block  serving  as  a base,  a glass  silicone  mask  with  several 
stops  was  used  over  the  fabrics. 


RESULTS 

5.  The  critical  thermal  energies  of  the  doped  fabrics,  sulmitted  by  the 
\0right  Air  Development  Center,  were  defined  as  those  vAiich  produce 
certain  characteristic  , reproducible  effects  on  the  materials,  sudi  as 
charring  or  destruction.  The  measured  critical  energies  are  given  in 
Enclosure  (1). 

6.  It  may  be  noted  tiat  the  laboratory  exposures  have  been  made  under 
highly  controlled  conditions  and,  as  a rule,  give  results  which  can  be 
reproduced  very  well.  However,  for  several  reasons,  the  data  of 
Endosvire  (1)  should  be  used  with  caution.  The  effects  to  be  observed 
on  material  sxirfaces  remain  unchanged  over  a corsiderable  range  of 
exposures.  Since  the  surface  effects  are  not  sufficiently  gradated  for 
refined  evaluations,  only  the  Initial  stages  have  been  recorded.  The 
effects  are  Influenced  by  sudi  factors  as  mounting,  geometry  of  material 
and  of  exposure,  weathering,  and  the  moisture  content  at  the  time  of 
exposure.  Differences  in  density,  absorptivity,  chemical  composition, 
weave,  and  surface  structure  are  responsible  for  the  varying  effects 
which  may  be  observed  from  area  to  area  on  the  same  material.  Liquids 
and  gases  form  during  exposure  to  thermal  radiation,  even  in  a period 
of  less  than  one  second,  thereby  affecting  the  amount  of  thermal 
radiation  Incident  on  and  absorbed  by  the  surface. 

7.  To  indicate  the  Influence  of  the  base  fabric  and  treatment,  the 
critical  thermal  energies  corresponding  to  destruction  of  the  fabrics  is 
indicated  on  Enclosure  (2)  in  the  order  of  increasing  values.  The  base 
material  and  treatments  used  are  listed. 
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C0NCLUSI(3^S 

8.  The  following  conclusions  are  drawn  from  the  results  of  this  investi- 
gation: 

a.  Of  the  assemblies  submitted,  the  black  Orion  viith  clear  acetate 
butyrate  finish  is  the  most  resistant,  since  for  radiant  expo- 
sures up  to  213  cal/cm2  only  the  surface  coating  was  destroyed 
and  some  carbonization  and  thinning  of  the  Orion  occurred.  The 
Orion  treated  with  aluminum  pigment  is  considerably  less  resist- 
ant since  the  Orion  crumbles  on  handling  after  exposure  to  Ul 
cal/cm2 . 

b.  Of  the  remaining  standard  cloth  fabrics,  the  most  resistant  is 
the  cloth  treated  with  cellulose  acetate.  Initial  effects  occur 
on  this  fabric  at  10  cal/cm2  and  destruction  at  33  cal/cm2.  The 
cellulose  nitrate  treatment  causes  lower  resistance  to  thermal 
radi.ation  than  the  cellulose  acetate  butyrate  treatment. 

c.  The  addition  of  aluminum  deposit  or  pigment  does  not  cause  an 
appreciable  increase  in  the  resistance  to  thermal  radiation. 

The  least  resistant  of  the  fabrics  has  a cellulose  nitrate 
finish  with  an  aluminum  pigment.  Initial  destructive  effects 
on  aluminum-pigmented  fabrics  occur  at  radiant  exposures  as  low 
as  3*1  to  3»7  cal/cm2. 
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RECOHMENDATIONS 

P*  La  view  of  the  results  obtained  above.  It  Is  recommended  that  additional 
investigations  be  carried  out  to  determine  the  sultabil|.ty  of  the  submitted 
Orion  fabric  with  cellulose  acetate  butTrate  finish*  I^  particular,  the 
mechanical  and  aging  characteristics  of  the  fabric  assembly  should  be 
determined  and  its  performance  in  general  service  should  be  evaluated* 
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Chief  of  Naval  Operations,  O/n,  Washington  25,  DC,  ATTN*  Op-57U(OEG) 

Chief,  Bureau  of  Medicine  6:  Surgery,  d/n,  Washington  25,  DC,  ATTN* 
Special  Weapons  Defense  Division 

Chief,  Bureau  of  Ordnance,  d/n,  Washington  25,  0.  C. 

Chief,  Bureau  of  Personnel,  d/n,  Washington  25,  D.  C.,  ATTN*  Pers  C 

Chief,  Bureau  of  Ships,  d/n,  Washington  25,  0.  C.,  ATTN*  Code  3UB 

Chief,  Bureau  of  Supplies  & Accounts,  d/n,  Washington  25,  D.  C» 

Chief,  Bureau  of  Yards  & Docks,  d/n,  Washington  25,  D,  C.,  ATTN:  P-312 

Chief,  Bureau  of  Aeronautics,  d/n,  Washington  25,  D.  C. 

Chief  of  Naval  Research,  Code  219,  Rm  1807,  Bldg  T-3,  Washington  25,  DC 
ATTN:  RD  Control  Officer 

Commander-in-Chief , US  Pacific  Fleet,  Fleet  Post  Office,  San  Francisco 
Calif, 

Commander- in-Chlef,  U.  S.  Atlantic  Fleet,  U.S*  Naval  Base,  Norfolk  II, 
Va. 

Commander,  Operational  Dev  Force,  US  Atlantic  Fleet,  USN  Base,  Norfolk 
II,  Va,  ATTN*  Tact  Dev 
Air  Dept 

Commandant,  US  Marine  Corps,  Washington  25,  DC,  ATTN*  Code  A03H 

President,  US  Naval  War  College,  Newport,  Rhode  Island 

Superintendent,  US  Naval  Postgraduate  School,  Monterey,  Calif, 

Commanding  Officer,  U»S.  Naval  Schools,  Command,  Naval  Station, 

Treasure  Island,  San  Francisco,  Calif, 

Director,  USMC  Development  Center,  USMC  Schools,  Quant ico,  Va, 

ATTN*  Tactics  Board 

Equipment  Board 

Commanding  Officer,  U.S,  Fleet  Training  Center,  Naval  Base,  Norfolk, 

II,  Va.  ATTN*  Special  Weapons  School 


DISTRIBUTION  LIST  NO.  100  (Cont'd) 


Commanding  Officer,  U,  S«  Fleet  Training  Center,  (SPWP  School), 

Naval  Base,  San  Diego  3^,  Calif* 

Commanding  Officer,  Air  Development  Squadron  3*  U*S«  Naval  Air 
Station,  Moffett  Field,  Calif. 

Commanding  Officer,  U.S.  Naval  Damage  Control  Center,  Naval  Base, 
Philadelphia  12,  Pa.,  ATTNt  ABC  Defense  Course 

Commanding  Officer,  U.  S.  Naval  Unit,  Chemical  Corps  School,  Army 
Chemical  Training  Center,  Ft.  McClellan,  Ala. 

Commander,  U.  S.  Naval  Ordnance  Lab,  Silver  Springs  19,  Md,  ATTNt  EE 

Al  las 
Al  lex 

Commander,  U.  S.  Naval  Ordnance  Test  Station,  Inyokern,  China  Lake, 
Calif. 

Of f lcer-in>Charge,  U.  S.  Naval  Civil  Engineering  Research  & 
Evaluation  Lab.,  Construction  Battalion  Center,  Port  Hueneme, 
Calif.,  ATTNt  Code  753 

Commanding  Officer,  U.  S.  Naval  Medical  Research  Institute,  Nat' I 
Naval  Medical  Center,  Bethesda  II4.,  Md. 

Director,  U.  S.  Naval  Research  Laboratory,  Washington  25*  D.  C. 

Commanding  Officer,  David  W.  Taylor  Model  Basin,  Washington  7*  D.  C., 
ATTNt  Library 

Director,  The  Material  Laboratory,  New  York  Naval  Shipyard, 

Brooklyn  I,  New  York 

Commanding  Officer  & Director,  USN  Electronics  Lab.,  San  Diego  52, 
Calif.,  ATTNt  Code  210 

Commanding  Officer,  U.S.  Naval  Radiological  Defense  Lab.,  San 
Francisco,  Calif*,  ATTNt  Tech  Info  Dlv. 

Director,  Office  of  Naval  Research  Branch  Office,  1000  Geary  St., 

San  Francisco,  Calif. 

Commander,  U.  S.  Naval  Air  Dev  Center,  Johnsvllle,  Pa* 

Of f lcer*in-Charge,  Naval  Clothing  Factory,  U.S.  Naval  Supply 
Activities,  New  York  3i'd  Ave  It  29th  St.,  Brooklyn  32,  NY 
ATTNt  R&D  Dlv 

Commanding  Officer,  Naval  Medical  Field  Research  Lab*,  Camp  Lejeune 

N*  C. 
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AIR  FORCE 

Assistant  for  Atomic  Energy,  Mas,  USAF,  Washington  25»  DC,  ATTN: 

osc/o  I 

Asst  for  Dev,  Planning,  Hqs,  USAF,  Washington  25,  DC.  2 

Director  of  Operations,  Hqs,  USAF,  Washington  25,  DC.  I 

Director  of  Operations,  Hqs,  USAF,  Washington  25,  DC,  ATTN; 

Ops  Analysis  I 

Director  of  Plans,  Hqs,  USAF,  Washington  25,  DC,  ATTN:  War  Plans  Div  I 


Directorate  of  Requirements,  Hqs,  USAF,  Washington  25,  DC, 
ATTN:  AFDRQ-SA/m 

Directorate  of  Research  &■  Development,  Armament  Div.,  DSC/D, 


Hqs,  USAF,  Washington  25,  DC.  I 

Directorate  of  Intelligence,  Hqs,  USAF,  Washington  25,  DC, 

ATTN:  AFOIN-182  2 

The  Surgeon  General,  Hqs,  USAF,  Washington  25,  DC,  ATTN: 

Biological  Defense  Branch,  Preventative  Medicine  Division  I 

Commanding  General,  Far  East  Air  Forces,  APO  925.  c/o  PM, 

San  Francisco,  Calif.  I 

Commanding  General,  Alaskan  Air  Command,  APO  9^»  c/o  PM, 

Seattle,  Washington,  ATTN:  AAOTN  2 

Commanding  General,  Northeast  Air  Command,  APO  862,  c/o  PM, 

New  York,  N.Y.,  ATTN:  Def  Div  o/o  2 

Commanding  General,  Strategic  Air  Command,  Offutt  Air  Force  Base, 

Omaha,  Neb,  ATTN;  Chief,  Operations  Analysis  I 

Commanding  General,  Tactical  Air  Command,  Langley  AFB,  Va.,  ATTN: 

Doc  Sec  Br  3 

Commanding  General,  Air  Defense  Command,  Ent  AFB,  Colo,  ATTN:  ADMR-2  I 

Commanding  General,  Air  Material  Command,  Wright-Patterson  AFB, 

Dayton,  Ohio,  ATTN:  Air  Installations  Div.,  MCHIXDI4.,  Special 

Studies  Office  2 


; 
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Commanding  6enoral»  Air  Training  Command,  Scott  AFB,  Baiiavilla, 

111,  ATTN  I OCS/O,  CTP  2 

Commanding  General,  Air  Research  A Development  Command,  PO  Box  I393» 

Baltimore,  «d.,  ATTNt  RODN  3 

Commanding  General,  Air  Proving  Grounds,  Cmd,  Egl in  AFB,  Fla«, 

ATTNt  AgARB  I 

Commanding  General,  Air  University,  Maxwell  AFB,  Ala*  2 

Commandant,  Air  Command,  k Staff  School,  Maxwell  AFB,  Ala*  2 

Commandant,  AF  School  of  Aviation  Medicine,  Randolph  AFB,  Texas  2 

Commanding  General,  Wright  Air  Dev  Ctr,  Wright "Patterson  AFB, 

Dayton,  Ohio,  ATTNt  WCOESP  I 

Commanding  General,  AF  Cambridge  Research  Center,  230  Albany  St*, 

Cambridge,  Mass,  ATTNt  Atomic  Warfare  Directorate  I 

CRTSL-2  I 

Commanding  General,  AF  Special  Weapons  Center,  Kirtland  AFB, 

NM,  ATTNt  Chief,  Technical  Library  Br  3 

Commandant,  USAF  Institute  of  Technology,  Wright-Patterson  AFB, 

Dayton,  Ohio,  ATTNt  Resident  College  I 

Commanding  General,  Lowry  AFB,  Denver,  Colo*,  ATTNt  Dept  of 
Armament  Training  5 

Commanding  General,  1009th  Special  Weapons  Sq,  Hqs,  USAF, 

Washington  25,  DC*  3 

The  RAND  Corporation,  1700  Main  St*,  Santa  Monica,  Calif,  ATTNt 

Nuclear  Energy  Division  2 

PANEL  ON  THERMAL  RADIATION 

Or.  J.  0.  Hardy,  Dept  of  Phyaioiogy,  Cornell  University  Medical 

College,  1300  York  Avenue,  New  York  I,  New  York  t 

Prof  H*  C.  Hottel,  Mass*  Institute  of  Tech*,  Cambridge,  Mass*  I 

Dr*  E*  0*  Hulbert,  Naval  Research  Laboratory,  Washington  25,  D*C*  I 

Dr*  H*  E*  Pearse,  Strong  Memorial  Hospital,  260  Crittenden  Blvd*, 

University  of  Rochester,  Rochester  7»  N.  Y,  I 
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AFSWP  & AFSWP  CONTRACTORS 

Director,  Tech  Operations,  Inc.,  6 Schouler  Court,  Arlington  7U»  Wass.  I 

Dr,  E.  I.  Evans,  Medical  College  of  Virginia,  Richmond,  Va»  I 

California  Forest  Experimental  Station,  US  Forest  Service,  PO  Box 

2k3t  Berkeley,  Calif,  ATTNt  C.  C.  Buck,  Div  Forest  Fire  Branch  I 

Prof,  C.  C.  Williams,  Dept  of  Cml  Eng,  Mass  Institute  of  Technology, 

Cambridge,  Mass,  I 

Mr,  H,  D,  Bruce,  Forest  Products  Lab,  No.  Walnut  St,  Madison  5*  Wise,  1 

Commanding  General,  Field  Command,  AFSWP,  PO  Box  5100*  Albuquerque,  NM  6 

Chief,  AFSWP,  PO  Box  2610,  Washington  13,  DC  9 


OTHERS 

Dr.  R.  P,  Peterson,  Director,  Applied  Physics  Div,  Sandia  Corp,, 
Albuquerque,  New  Mexico 

Dr,  Alvin  C,  Graves,  J-l  Div.,  Los  Alamos  Scientific  Lab,  PO  Box  |663» 
Los  Alamos,  New  Mexico 

Dr,  Harold  Agnew,  Director’s  Office,  Los  Alamos  Scientific  Lab., 

P.  0.  Box  1663,  Los  Alamos,  New  Mexico 

Executive  Secretary,  JCS,  Washington  25,  DC 

Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rm  2EI006, 

Pentagon,  Washington  25,  DC 

Assistant  for  Civil  Defense,  OSD,  Washington  25,  DC 

Chairman,  Armed  Services  Explosives  Bd,  DOD,  Rm  2J4O3,  Barton  Hall, 
Washington  25,  DC. 

Chairman,  Research  & Development  Board,  DOD,  Vfashington  25,  DC, 

ATTN:  Technical  Library 

Commandant,  Armed  Forces  Staff  College,  Norfolk  II,  Va.,  ATTNt 
Secretary 

Engineering  Research,  University  of  California,  PO  Box  i+063, 

Westwood  Village  Station,  Los  Angeles  2h,  Calif. 
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* Director,  Armed  Services  Technical  Information  Agency,  Document  Servi 
Center,  U.  B«  Building,  Dayton  2,  Ohio 


• This  agency  is  not  to  receive  documents  or  reports  containing 
RESTRICTED  DATA. 


